This study is carried out to assess the soil and ground water quality in Okpoko and Environs in Anambra State.
and Maternity, School of Health and Technology, about 300 m from Sako Oil and Gas ltd fuel filling station at the left hand side of the road, and about 400m from Lake Side Petroleum filling station on the right hand side of the road. Generally, the study area has very good road network and link roads. Two major rivers are responsible for draining the area which includes the Niger River and its major tributary, Ulasi River. However, there are local creeks and ponds all over the vicinity of the area [8] .
The Anambra Basin which includes the study area is located at the southwestern extreme of the Benue Trough formed after the Santonian tectonic depression, dating back to 84 MYA [9] . It is a Cretaceous sedimentary domain partly bounded between the southern Benue Trough below and the Niger Delta Basin above. 1t originated following the subsidence of a platform in the southern Benue Trough, concurrent with the lateral translocation of the depocentres during the Santonian thermotectonic event that folded and was also elevated the Abakaliki region [10] .
The basin is believed to have been formed as a direct impact of the stresses generated by the movement along the fracture zones. It is bounded to the west by the Precambrian basement complex rocks of the Western Nigeria and on the east by the Abakaliki Anticlinorium. At the Southern part, the boundary is at Onitsha, which is the northern-most limit of the Niger delta basin. The northern boundary of the Anambra basin is not well defined. The basin is connected with the NW-SE trending Bida Basin. Before the Santonian period, the south-western area of its rift valley was the tectonically stable Anambra platform. The Santonian compressional event was followed by magmatism, folding and faulting, which led to the formation of the Abakaliki Anticlinoruim. To the west and southward areas of the Anticlinorium was the depocentre, creating the Anambra and the Afikpo basins respectively [11] . Subsidence in these basins continued after the Santonian compression [12] . The 1sostatic response to the Early Cretaceous Crustal thinning and post drift thermal relaxation of the lithosphere was believed to be due to the accelerated subsidence that continued till the Eocene. 
Methods of Study

Soil sampling and analysis
Soil sampling was done at randomly selected sites in Okpoko and Environs, Southeastern Nigeria. A total of thirty (30) soil samples were collected from fifteen (15) locations at 0 -15 cm and 15-30 cm with the aid of a hand auger and measuring tape. Care was taken to wash and clean the auger before sampling each location in order not to contaminate the samples. Over one kilogram of soil sample was collected at each sampled depth in pre-labelled polythene bags, after which they were transported to the laboratory for digestion and analysis.
Soil pH values were determined in CaCl 2 solutions using a Mettler Toledo Seven Easy pH Meter. The conductivity meter was used to take soil conductivity measurements. Total Organic Carbon of the soil samples were determined by the Walkley-Black Titrimetric Method while Dumas method was used for nitrogen. Heavy metal contents of each digest were determined by an Atomic Absorption Spectrometer (Perkin-Elmer A analyst, 200).
Heavy metals determination
Heavy metals were determined using an Atomic Absorption Spectrophotometer as described in APHA-AWWA-WPCF [13] . This involved direct Aspiration of the sample into an air/acetylene or nitrous oxide/acetylene flame generated by a hollow cathode lamp at a specific wavelength peculiar only to the metal programmed for analysis.
For every metal investigated, standards and blanks were prepared and used for calibration before samples were aspirated. Concentrations at specific absorbance displayed on the data system monitor for printing. Limit of detection was set at <0.001 mg/L. All the metals determined from soil samples are; As, Cu, Ni, Fe, Pb, Zn, Cr, Cd and Mn and were reported in mg/kg (soil samples).
Soil pollution indices
Pollution assessment models are indicators used to assess the presence and intensity of anthropogenic contaminant deposition on soils. In this study, the following pollution assessment models were employed: Contamination Index (CI), Pollution Load Index (PLI), Modified Contamination Degree (mCD), Geo-accumulation Index (Igeo), Nemerow Integrated Pollution Index (NIPI) and anthropogenicity (APn%).
Contamination index (CI):
The contamination factors were derived by using the CI equation as defined by Lacutusu [14] :
Where Cn = measured metal concentration and Bn = background concentration from control site. The CI classification scheme is presented in Table 1 .
Pollution load index (PLI):
The PLI gives a generalized assessment on the level of soil contamination. The PLI is obtained using Tomlinson (1980) approach as follows:
where, CF= contamination factor; and n = number of metals.
The PLI classification scheme is presented in Table 1 . 
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where, C n = measured metal concentration and B n = background/control values of that metal obtained from the control site. The constant 1.5 is introduced by Lu et al. to minimize the effect variations in the background concentrations which may be attributed to lithologic differences. The I geo classification scheme is presented in Table   1 .
Modified contamination degree (mCD):
The mCD is an empirical assessment of the overall degree of contamination by pollutants in an area. The mCD was calculated as defined by Hakanson [15] as follows:
where Cf = contamination factor, n = number of analyzed metals, and is th metal.
Nemerow integrated pollution index (NIPI):
The NIPI was also employed to assess the overall pollution integrity of the area. NIPI was calculated as defined by Nemerow (1985) as:
Where I mean =average concentration of all pollution indices considered, and I max = maximum pollution index. The NIPI classification scheme is presented in Table 1 . 
Results and Discussion
Soil composition
The soil in the area is predominantly alluvium composed of predominantly sands which is brownish in color with some dark patches. The sand composition in the area ranges from 68 to 82% in the top-soil (15 cm depth) and 70 to 85% in the sub-soil (30 cm depth) ( Table 1 ). The average sand composition is lower in the top-soil (74.5%) than in the sub-soil (79.45%) while at the control site 4km away, sand content is relatively higher at in the top-soil (80.20%)
than at the sub-soil (76.5%). The average composition of silt is higher than clay in the study area including the control site. The sandy nature of the soil of the study area aids infiltration of contaminants and increases the pollution pathway for contaminants. The average pH values in the topsoil are within this range while pH of the subsoil slightly deviates from this range. ± 582.12 and 568.27 ± 502.11 mg/kg in topsoil and sub-soils respectively, and 54.43 and 16.63 mg/kg at control site. The TPH content generally decreases with depth and is lower at the control than at the vicinity of the fuel filling and service station. TPH are usually derived from petroleum products such as diesel, kerosene, engine oil, etc.
Hence, the high concentrations are an indication of contribution from activities at the filling station.
Electrical conductivity (EC), calcium (Ca), magnesium (Mg), sodium (Na) and potassium (K) concentrations are relatively higher in the vicinity of the fuel station than at the control site in both the topsoil and the subsoil respectively. 
Heavy metal content
In order of decreasing magnitude, the average heavy metal content in top-soils and sub-soils of the study area are as Netherlands target values for agricultural soils (VROM) [17] , showed that there were safe for agricultural purposes. 
Soil classification
Sodium Adsorption Ratio is a widely accepted index for characterizing soil sodicity, which describes the proportion 
Pollution assessment
Contamination index (CI):
The results of contamination index for the top-soils in location S1, S4, S9, S10
and S13 showed that the soils are moderately contaminated to very severe polluted with heavy metals (Table 5) .
Cadmium is the main contributor to the soil pollution in all these locations. Top-soils in location S2 and S3 are very severely polluted to extremely polluted, whereas in location S7 and S14, the soils are severely contaminated to severely-polluted. Soils in location S5 are very slightly contaminated to moderately-polluted. Similar status exists in location S6 and S12, where the top-soils are slightly contaminated to very severely-polluted with heavy metals. The sub-soil status shows that location S5, S6, S7, S8 and S13 shares similarity in their quality, having slightly contaminated to slightly polluted soils. Location S2 and S11 is composed of very slightly contaminated to very slightly polluted soils. The sub-soils in S1 are slightly contaminated to extremely polluted, while in S14, the soils are moderately contaminated to moderately-polluted. The results of contamination index show that the quality of soil in the study area is entirely deteriorated with respect to the control site.
Modified contamination index (mCD):
The result shows that the top-soils in the area moderately contaminated to highly contaminated, whereas, the sub-soils range from uncontaminated to highly-contaminated with heavy metals. The top-soils in location S1, S5, S12 and S14 are moderately contaminated with heavy metals while at the remaining locations, the top-soils are highly polluted with heavy metals (Table 5 ). In the sub-soil, S1, S2 and S3 are highly contaminated, while soils in S10 show low degree of contamination, and S14 is uncontaminated. Location S4, S5, S6, S7, S8 and S9 has soils that are moderately contaminated with heavy metals (Figure 4 ).
Pollution load index (PLI):
The results of PLI shows that apart from top-soils in S2, S3, S4, S8, S11 and subsoils in S1 and S2 which shows highly polluted status, all other sampled depth and location shows that the soils are generally moderately polluted with heavy metals (Tables 5 and 6 ) and (Figures 4 and 5) . Based on PLI, all the soils in the study area are gravely deteriorated with respect to the control site which acts as a normalizer. 
Contamination
-16
Very severe pollution 
Geoaccumulation index (Igeo):
Geoaccumulation Index (Igeo), also an indicator used to assess the intensity of anthropogenic contamination ranged from uncontaminated to moderately strong contaminated top-soils in location S1, S4, S6, S7, S8, S9, S10, S13 and S114, whereas uncontaminated to strongly contaminated in location S2, S3 and S12 (Table 7) . In location S5, the top-soils are uncontaminated to moderately-contaminated. In order of decreasing magnitude, the heavy metals responsible for the high geo-accumulation in the top-soil are Pb > Cu > Cd > Zn > Ni > Fe and Mn. In the sub-soils, Igeo ranges from uncontaminated to moderately severe contamination in location S4, S8, S9 and S11. Location S1, S2 and S3 shows uncontaminated to strongly contaminated soils while S5, S6, S7, S10, S12, S13 and S14 shows uncontaminated to moderately contaminated soil status with respect to heavy metals. The heavy metals responsible for the geo-accumulation increase in the sub-soils are as follows: Pb > Zn > Cu > Ni > Cd > Fe and Mn. Increasing anthropogenic activities causes increased geo-accumulation of these metals in the soil. Therefore, measure needs to be put in place to reduce anthropogenic activities in the area, because, these metals are very hazardous to health of humans, plants and animals when in high concentrations.
Anthropogenicity (APn%):
Anthropogenicity, which is a measure of the percentage or extent of anthropogenic input on the environment showed that Cd and Pb have the highest percentage in both the top-soil and sub-soils in the area (Table 8 ). In order of decreasing magnitude, the heavy metal concentrations most influenced by man-made activities in the soils are Cd > Pb > Zn > Cu > Fe > Ni > Mn. Cadmium, lead, zinc and copper are common metals that are associated with activities done at fuel filling and service stations and mechanic workshops.
Hence, the activity in the area needs to be regulated in order to decrease the percentage contribution of these metals on the soils.
Nemerow integrated pollution index (NIPI):
The results of NIPI showed that the soils are dominantly highly polluted with heavy metals. Only top-soils at location S5 and sub-soils at location S5, S10, S12 and S13 are moderately polluted with heavy metals, whereas, location S14 is severely polluted. All other locations are composed of soils that are highly polluted. NIPI is an integrated approach for analysis of pollutants in soils because it takes input from all other pollution indices. Therefore, NIPI was utilized to generate an overall pollution map for the study area. The map clearly shows that the region surrounding the fuel filling and service station are the most deteriorated, and the soil quality improves away from the station (Figure 7) . It is worthy of mention at this point that, although anthropogenic analysis has revealed that the soils are polluted with respect to the control site which acts as a baseline, the soil quality in the area are generally safe for agriculture as proven by DPR [21] and other international standards for soil quality. Table 7 shows the results of pollution assessment models and their interpretation for soils while Table 8 is the results of Anthropogenicity (APn%) for soils in the study area. 
Conclusion
Physicochemical parameter, hydrocarbon content and heavy metals were analyzed in both the soils and The soils are excellent for agricultural purposes but are being deteriorated by activities related to the fuel filling and service stations in the area. Also, the groundwater in the area has been declared unfit for drinking, unless treated for pH, iron and nickel, but excellent for irrigation purposes. There should be strong legislation governing the location and activities done at fuel filling and service stations to prevent environmental degradation. Perhaps 'polluter pay principle' and good practice should be adopted. This study revealed that Nemerow Integrated Pollution Index (NIPI)
is a more effective tool over every other soil pollution model for the assessment of soil quality in any given area because it takes input from every other pollution index and produces a single quality status for the area.
